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Philosophy

Chirped Pulse Amplification is pushing 20 years old

Relativistic intensities are now common

Many “discoveries” have been made & “potential
applications” identified

Practicality in many instances is limited by flux

DPSSLs provide the path to higher flux




TW and PW pulses enable ultrahigh intensities and - ~
high fluxes of energetic x-rays and particles HQTON
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T 4 Electron Energy in a Strong Field
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Longitudinal, laser-electron coupling is significant at high intensity, a;>1
TeV per meter electric fields produce efficient electron acceleration

Energetic electrons can efficiently produce high-energy x rays and protons
Flux of x-rays and particles is proportional to laser pulse energy




NNSA has outlined the benefits of deploying high
energy petawatt capability on the US HEDP facilities

High Energy
Petawatt Lasers

and the Stockpile
Stewardship Program

July 1, 2003

6 keV

Advanced radiographic
capability (ARC)
Multi-kd, ps pulses enable thick
target radiography |

~
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20 keV

Creation of unique states of M.
matter PW Laser

Multi-kdJ, ps pulses enable proton
isochoric heating |

Exploration of advanced ignition e
concepts
10’s of -kd, ps pulses may allow full-

scale demonstration of fast
ignition




Chirped Pulse Amplification applied to existing long- PHO\\TON
pulse lasers can produce high energy petawatt pulses S
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stretcher Strictland & Mourou, Opt. Comm.56, 219, 1985
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Solid State Laser
Amplification
Chain

CPA Circumvents Short Pulse
Damage in the Amplifier
Stretched pulse duration is not
arbitrary

Grating size is linked to _
stretched pulse duration O Stored Energy is
Grating separation is linked to extracted safely
bandwidth and stretched pulse | ~ Joat/ Msiretch
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The fundamental HEPW issue is final optic damage N
CPA does NOT eliminate final optic damage PHQTON
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Four Grating Pulse Compressor
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High Energy,
Chirped Pulse

O Pulse is SHORT and energy is HIGH on the Final Grating and Focusing Optic
Intensity dependent damage of “Final Optics” is THE BIG problem



First 40cm x 80cm MLD production gratings were . 6\1' o
delivered to Titan (300J,500fs) Laser Project at LLNL e
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Mean: 95.9%

RMS: 0.7% | Mean: 95.9%

RMS: 0.8%




World’s largest holographic exposure station for grating N
fabrication has been developed at LLNL

PHQTON
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Used to create grating structures in photo-resist for metal coating or
transfer etching. Operational since 1997 w/ 1100 mm diameter optics




World’s largest ion beam milling machine - N
commissioned in April of 2003 at LLNL O TON
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>

c;‘;‘ Rai system for transporting

™ .-Qpticih front of ion source

Capable of submicron pattern generation uniformly over 2 x 1 meter
apertures. Represents a 500% increase over existing MLD etch tools.




High Energy Petawatt Pulses on NIF

Redirection and
compression of
the beam near the
Target Chamber

1 “Short pulse
seed laser
system

___ 2x1.2 k] one beam line
pream_pl_lflc?tlon
and injection |x3.3 k] one beam

into the main

o 3.2 k] one quad




High efficiency MLD gratings were produced for a high o, N,
average power laser machining application in 2000 HOTON
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- MLD gratings are patented by LLNL
— Commercial licenses have been executed
- Largest aperture MLD grating available commercially is ~40 cm x 20 cm

355 x 150 mm MLD Grating for
50 watt, 2 KHz, 2 Picosecond
Machining Laser (2000)

> 99%, World Record for
Diffraction Efficiency

007-24-2. -1 order diffraction efficiency @1030 nm
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Short Pulse Conversion Tree
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Short Pulse - Applications Tree PHQTON
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Thomson Radiated Extreme X-Rays

-

Photo- gun

/'/‘% Thomson Scattering
Ultra-stable fiber laser, /\ - X-Ray/Gamma-Ray Source

fully programmable UV,
5-ps FTL drive laser

Robust, commercial

Nd:YAG laser amplifier l Hyper-dispersion

compressor
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What is Relativistic Thomson Scattering?

Electron Frame Lab Frame

The electron re-radiates incident laser light at shorter wavelength
(relativistic Doppler upshift) in narrow cone
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What is Relativistic Thomson Scattering? PH%TON
Compton
Doppler upshift l recoll
_ 4y v
,E“: +4yoko A ;

1o

energy-angle
correlation

Energy-momentum conservation yields Doppler upshift
Thomson scattering cross-section is very small (6 X 10-%° cm?)




70 keV x-rays generated at LLNL via Thomson- o
scattering PHQTON
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108 photons o 5 153 1r
per pulse @
10 Hz
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2 sophisticated 3D codes, & analytical theory
developed & benchmarked




Thomson-Radiated Extreme X-ray (T-REX) brightness p,, d%on
scales very rapidly with electron beam energy S
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y-ray brightness is mainly determined by e-beam phase space;
v4/ €2 is the key parameter




Example of a narrow-band, high-brightness, 2-MeV PHO‘\TON

Thomson-Radiated Extreme X-ray (T-REX) spectrum e
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2.5 x 106

2 x 106

1.5x10°

AE =0.035
1 x 106

5x10°

Average On-Axis Brightness (y/eV x s x mrad?)

D I—— ;
1.77 1.84 1.91 1.98 2.05 2.12

X-Ray Energy (MeV)




The dawn of Nuclear Photo-Science? T-REX brlghtnessPHc;_‘rON

will enable an entirely new field of study and new e
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Peak Brilliance for T-REX at >1 MeV will exceed the world’s best synchrotrons by >15 orders of magnitude
T-REX may do for nuclear spectroscopy & physics what the laser did for atomic spectroscopy & physics
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Nuclear resonance fluorescence (NRF)

Incident photon absorbed by nucleus

Protons

Neutrons /

Flectrons NS At certain resonance energies

Excited state quickly re-emits photons at

Nucleus
the same or different frequencies

Protons
Neutrons

Electrons  /

Energy scale is MeV!

Nucleus 7\

In complete analogy with atomic fluorescence




Nuclear resonance fluorescence (NRF) provides a e
unique fingerprint for each ISOTOPE

PHQTON
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Cross sections can be large enough to detect grams of material




£
7,000,000 containe
" 20°kg of #5U = very bad day




The potential impact and scenarios for “Nuclear

Terrorism” have been the subject of many recent reports ¢Jscenc:
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Daaths
Value Statistical Lives Lost & 53 million each

Properly Damage — Direct
O_ﬂiceofthcla!

For Acquisi Trade Disruption
Washing|

Indiract Costs {Direct times multiplier of 2)

Tatal First Year Cosls

20,000 (Port Elizabeth) - 1,000,000 {Manhattan)
$150 Billion - % 3 Trillion (30% of US GDP)

$50 — 500 Billion
$100 - 200 Billion
$300 — 1,400 Billion {1.4 Trillion)

Hundreds of Billions to Trillions
{not including cost of lives lost)

lonproliferation Strategy Group

t FOR NONPROLIFERATION STUDIES




Finding shielded highly enriched uranium (HEU) e

is a Grand Challenge
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Lead Attenuation
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Passive detection won't work
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Fluorescent imaging with Thomson radiation is
a new concept for isotopic detection of SNM

~
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Beam Monitor A
235 foil
Beam + No Scatter = SNM
//U\ Open the
container
Nuclear Resonance
Flourescence (NRF)
Pass
T-REX:
Thomson-Radiated
Extreme X-rays
AE/E = 10-3 0.5-2.5 MeV
N tunable Y,




Fluorescent imaging with Thomson radiation is N
a new concept for isotopic detection of SNM PHOTON

SCIENCE &
APPLICATIONS

s ™

Beam Monitor
2351 foil

Beam + Scatter = no SNM

Pass

Extreme X-rays

AE/E =103 0.5-2.5 MeV
\_ tunable y




FINDER with Thomson-F

\adiated Extreme X-rays (T-
REX) is a potential solution to the grand challenge of

~
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[

AE/E =103

Beam Monitor

235 foil

0.5 -2.5 MeV
tunable

T-REX:
Thomson-Radiated
Extreme X-rays

Open the
container

FINDER:
Fluorescence
Imaging in the
Nuclear
Domain with
Extreme
Radiation

~




~

A 238U demonstration of FINDER with a new 680 keV PHOTON
T-REX source is currently under development at LLNL S CiEnce &
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T-REX will produce record 680 keV gamma rays using
recently developed LLNL laser & accelerator technology.

a)
b)
c)
d)

Planned R&D at LLNL includes

Identification 235U & 239Pu lines
Generation 680 keV gammas
Demo FINDER with 238U
FINDER & T-REX modeling

C.P.J. Barty & F.V. Hartemann, UCRL-TR-206825




Center for Nuclear Photo-Science
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